The first successful measurements of plasma lines in the auroral E layer were made in January 1976 using the Chatanika incoherent scatter radar. Although they are considerably weaker than the signal from the ion component, the plasma line signals are readily detectable. Typical signal-to-noise ratios were about 496. In this series of experiments, plasma lines were observed in the interval between 3.8 and 6.0 MHz, which corresponds to phase energies between 0.55 and 1.4 eV. They were found between 98 and 134 kin; the derived plasma wave intensities varied between 0.06 and 1.0 eV, and the enhancements between 4 and 30 times the thermal level. There was a marked altitude dependence: the weakest waves were at the lowest altitudes, and the strongest were just below the maximum altitudes. There was no discernible frequency dependence at the lowest altitudes, but at the highest altitudes the lower-frequency plasma waves were stronger. These variations are probably related to the altitude variations of the suprathermal electron spectrum and of the electron temperature.
INTRODUCTION
Since 1971 the SRI International incoherent scatter radar at Chatanika, Alaska, has been used to measure the ion component of the backscatter signal. These observations have led to improved descriptions and understanding of phenomena in the atmosphere, ionosphere, and magnetosphere in the auroral region. In this paper we announce the first observations of the electronic, or plasma line, component of the signal from the auroral E region.
The steady state energy (or intensity or temperature) in these waves, as given by linearized plasma theory [Perkins and Salpeter, 1965; Yngvesson and Perkins, 1968] , is related to the ratio of the excitation to damping rates. There is a background energy, equal to the energy of the thermal electrons, that is due to the electron thermal motion. It has been measured in the F region at Arecibo [Wickwar and Carlson, 1977] . However, most importantly, this energy is considerably enhanced when there is a suprathermal tail to the electron distribution function which increases the excitation rate by a factor greater than that by which it increases the damping rate of the plasma waves. is not relevant to this experiment, the longer pulse could also be used to obtain ion velocities and electron and ion temperatures from the ion component in the F region.) The data from both pulses were integrated for 2-10 s and then written on tape for later processing. When requested, the computer could switch plasma line channels at each tape-write so as to change from upshifted plasma lines to downshifted lines or vice versa.
To minimize the effects of damping by thermal electrons [Yngvesson and Perkins, 1968] , the measurements were made with the radar pointed along the magnetic field line. For the same reason the plasma line filters were tuned close to (although below) the E region critical frequency.
After the observations the data from both components were averaged for times from I to 10 min. The densities were analyzed in the usual fashion: the noise level was found and subtracted; the resultant powers were multiplied by range squared and were scaled according to the calibration signal. The calibration factor is routinely found by comparison of daytime F region peak densities to ionosonde measurements from Sheep Creek, approximately 50 km away. During the plasma line experiments this calibration factor was confirmed by the plasma line data shown in Figure 2 . In principle, the densities need to be corrected for Debye length effects and for the temperature ratio if it is not unity. However, we are most interested in densities near the peak of the E layer, where, in practice, the Debye length correction is negligible and where our experience with E region temperatures indicates that the temperature ratio is usually close to unity.
The plasma lines were analyzed in a similar fashion: the noise level was found and subtracted, the receiver recovery signal was subtracted, and the resultant signal was scaled according to the calibration signal. The final signal strengths are given in terms of the equivalent antenna temperature. Figure  2 , the signals appeared and disappeared as the layer grew and decayed through the observed frequencies. In this series of observations, plasma lines were found under almost all circumstances when the filters were at an appropriate location with respect to the peak size of the E layer. These plasma lines were in the interval between 3.8 and 6.0 MHz, which corresponds to phase energies between 0.55 and 1.4 eV. They were found between 98 and 134 km; at the low altitudes they were so weak that detection became difficult; at the high altitudes they were very strong, as is shown in Figure 1 . The data have been examined for a frequency dependence of the plasma wave intensity. For the upshifted plasma lines the results depend upon altitude. Above 118 km, as is shown in Figure 3 , the lower-frequency waves are the more intense for the limited portion of the spectrum observed. At lower altitudes it is not clear whether there is a frequency dependence. However, as is apparent in Figure 1 , an intensity difference appears to exist between the downshifted and upshifted plasma waves: the former appear to be 30% more intense than the latter. If anything, we would expect the intensities to be equalized because of collisions. While this result could be significant, confirmation will have to await the next series of measurements, which will include a backscatter gain calibration.
While the plasma wave intensity does not vary much with observed frequency, it does vary greatly with altitude These plasma line data can be used to learn about E region aeronomy with a method analogous to that used by Carlson et al. [1977] in the F region. By combining the data, as in Figure   3 , and considering the linear plasma wave theory or model of Yngvesson and Perkins [1968] the variation of kTp with altitude would enable us to examine the various terms in the enhancement equation. These terms involve the one-dimensional velocity distribution of the suprathermal electrons, f• the thermal electrons, and the electron-ion collisions. Because of the small enhancements, fp can be found at the lowest altitudes. Its altitude variation and perhaps that of the neutral density can also be found. The large enhancements may additionally yield the logarithmic derivative of fr and hence the suprathermal electron flux. Initial calculations show that the decrease in intensity at the higher altitudes may be due to elevated electron temperatures that cause the thermal damping term to become significant. It would additionally become apparent whether electron-neutral collisions need to be included in the plasma wave enhancement theory. We are considering these questions elsewhere.
For any union of data, such as that in Figure 3 , an important question that we must consider is whether these data from various times, even days, can be combined and treated as a whole. This question may be rephrased to ask whether at a given plasma line frequency and altitude the plasma waves always have the same intensity. If the energy input into the originate from the precipitation of energetic electrons. The altitude region where plasma lines have been measured has been lowered by about 25 kin, to 98 kin. The energy of the electrons that can now be investigated has been lowered considerably, to 0.55 eV. These low energies are exceedingly hard to investigate by any other technique, ground based or otherwise. In future experiments it should be feasible to lower the altitude and energy still further. Thus we have greatly extended the physical conditions under which plasma lines have been measured. Moreover, the data reflect the physical conditions and, as a result, hold the potential for providing information about the mechanism that produces the suprathermal electron distribution, the magnitude of the suprathermal flux, and the effects of electron-neutral interactions.
